ABSTRACT Objective: Carotid plaque and intima-media thickness are non-invasive arterial markers that are used as surrogate end points for cardiovascular disease. The aim was to assess the prevalence and severity of carotid plaque, and examine its determinant risk factors and their association to the common carotid artery intima-media thickness (CCA-IMT) in a general population.
Results: The prevalence of minimal, moderate and severe plaque was 35.0%, 8.9% and 1.1%, respectively, and the mean CCA-IMT was 0.73 (SD 0.14) mm. Age, sex, smoking and type 2 diabetes mellitus (T2DM) were the strongest risk factors associated with plaque, followed by systolic blood pressure, total cholesterol, body mass index and family history of myocardial infarct. Low educational level was also strongly and independently associated with plaque. CCA-IMT shared the same risk factors except for a non-significant association with T2DM and family history of myocardial infarction (MI). Participants with T2DM had greater plaque prevalence, 2-fold higher in those <50 years and 17-30% greater in age groups 50-54 to 60-64, and more significant plaques (moderate or severe) were the difference in prevalence was 24% in age group 50-54 and ≥60% in older age groups, compared with non-T2DM.
INTRODUCTION
Atherosclerosis is the major cause of cardiovascular diseases (CVDs), which are the leading cause of death and disability in western countries. It is an asymptomatic disease that may progress silently for decades before clinical manifestations that generally appear in middle and late adulthood. 1 Reduction in the risk factor burden can decrease the risk of cardiovascular event 2 3 and atherosclerosis progression. 4 Therefore, an early identification of subclinical atherosclerosis and interventions may prevent or delay the onset of CVD.
Non-invasive imaging has been suggested as a method for estimating subclinical atherosclerosis, to improve cardiovascular risk assessment. 5 B-mode ultrasound is an imaging method that has been widely used to detect and measure carotid plaques and carotid intima-media thickness (cIMT), which are arterial markers independently associated with CVD. 6 7 These two arterial markers are correlated; however, they show differing patterns of association with risk factors 8 and different predictive value for CVD. 6 7 9 The majority of carotid ultrasound studies have used cIMT as a surrogate marker for CVD, 10 but the usefulness of carotid plaque
Strengths and limitations of this study
▪ The strength of this study is the communitybased design, including a large sample of men and women with a broad age range, and a high response rate. ▪ The study describes the prevalence and severity of carotid plaque, and common carotid artery intima-media thickness (CCA-IMT) in the Icelandic population and their associated risk factors. ▪ Standardised ultrasound protocols were used for image acquisition, and for plaque detection and CCA-IMT measurements. ▪ The cross-sectional design precludes conclusions about causality, and therefore longitudinal studies are needed.
as a surrogate marker has been less investigated. 7 The aim of this study was primarily to estimate the prevalence and severity of carotid plaque, and examine its determinant risk factors in participants in the REFINE (Risk Evaluation For INfarct Estimates)-Reykjavik study. The distribution of common carotid artery intima-media thickness (CCA-IMT) and its determinant risk factors was also studied.
METHODS
Individuals in the present study are participants in the REFINE-Reykjavik study of the Icelandic Heart Association, which is an ongoing longitudinal population-based study. In the REFINE-Reykjavik study, a random sample of 9480 men and women born between 1935 and 1985 and living in the Reykjavik area in November 2005 was drawn from the Icelandic national registry. 11 The first phase of the REFINE-Reykjavik study was carried out between 1 December 2005 and 18 March 2011. Of those, 6941 individuals attended (73%). All participants gave written informed consent.
This study was limited to participants aged 25-69 years (n=6661), and of those, 6652 had an ultrasound examination of the carotid arteries. Physical examination included standardised measurements of waist circumference, height and weight, and body mass index (BMI) was calculated. Blood pressure was measured with a computer-controlled device that automatically inflated the cuff to a user preset maximum pressure and then precisely controlled deflation at 2 mm Hg/s. Study participants were in a supine position for at least 15-20 min before the blood pressure measurement. 12 Blood samples were drawn after overnight fasting for measuring blood parameters, including total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, triglycerides (TG), glucose and high-sensitivity C reactive protein (CRP). Low-density lipoprotein cholesterol was estimated using the Friedewald formula if the TG level was <4.5 mmol/L. 13 Questionnaires were used to record smoking status (never, former, current), family history of myocardial infarction (MI; parents and siblings), educational level (elementary school, high school, junior college, university) and physical activity ( participants were questioned whether they exercised regularly, yes/no).
For information on medication use, participants brought their medication to the visit. Hypertension was defined as the use of antihypertensive medications, selfreport or measurements of systolic blood pressure (SBP) >140 mm Hg or diastolic blood pressure >90 mm Hg. Diabetes mellitus (DM) was defined as self-report, medication use or fasting serum glucose concentration ≥7.0 mmol/L.
14 History of coronary heart disease (CHD) was defined as previous MI, coronary artery bypass graft or percutaneous transluminal coronary angioplasty and/or stent obtained from hospital records. 15 Metabolic syndrome was defined as the presence of at least three of the following criteria: (1) waist circumference >102 cm in men and >88 cm in women; (2) TG≥1.7 mmol/L; (3) HDL <1.0 mmol/L in men and HDL<1.3 mmol/L in women; (4) blood pressure ≥130/≥85 mm Hg or antihypertensive medication use; (5) fasting glucose ≥6.1 mmol/L. After the exclusion of participants with missing information on TC, blood pressure, smoking status and medication use, the final analytical sample included 6524 participants.
Imaging
A detailed description of ultrasound imaging and reading protocols has been published. 16 In brief, images of the right and left common carotid arteries (CCAs), bifurcation and internal carotid artery (ICA) were acquired with an Acuson Sequoia C256 with a twodimensional 8 MHz linear array transducer. Images of the intima-media thickness (IMT) were acquired from a predefined 10 mm segment (extending from 10 to 20 mm proximal to the tip of the flow divider) at defined interrogation angles using the Meijers Arc. 17 Standard images were obtained from four angles at each side. The mean IMT of the near and far walls was determined from a single image at each interrogation angle for the right and left CCAs. The mean of all these IMT values comprised the CCA-IMT outcome parameter.
The presence of plaque was assessed in the near and far walls of the bifurcation and ICA on the left and right sides. A plaque was defined as an isolated thickening at least two times the adjacent normal cIMT by visual assessment. 18 The presence/absence of plaque was assessed during the ultrasound examination and the most severe lesion per segment was evaluated qualitatively as (1) no plaque, complete absence of plaque but cIMT thickening may be observed; (2) minimal plaque, small isolated thickening approximately two times the adjacent normal cIMT; (3) moderate plaque, clear and reasonably easy to visualise plaque, with or without calcifications; and may cause some diameter reduction; and (4) severe plaque, significant plaque formation very easy to image with or without calcifications, causing clear diameter reduction. Individuals with severe plaque were few or 72 (39 men and 33 women), and were therefore combined with the group of individuals with moderate plaque and termed significant plaque in the statistical analysis. The REFINE-Reykjavik study uses strict quality control procedures for monitoring and testing consistency in image acquisition and image analysis. The detailed protocol is in online supplementary material, including information on reader reproducibility.
Statistical analyses
Risk factors and atherosclerotic measures were reported as means and SD or median with IQR. Categorical variables were reported in frequencies and percentages (%). Variables with skewed distribution were log transformed to achieve normal distribution, including TG and CRP. The t-test and the χ 2 test were used to compare difference in risk factors and atherosclerosis between men and women. The association between carotid plaque severity (minimal or significant) and cardiovascular risk factors was evaluated with multinomial logistic regression models, where participants with no plaque were used as a reference category. The associations between CCA-IMT and cardiovascular risk factors were evaluated with general linear regression models. Analyses were adjusted for age and sex in a simple model (model 1), and the full set of cardiovascular risk factors (model 2) including age, sex, TC, log TG, log CRP, BMI, SBP, smoking status, type 2 diabetes mellitus (T2DM), family history of CHD, physical activity, statin and antihypertensive medication use, education status and CHD. These analyses were also performed for: (1) men and women separately, (2) participants free of known CHD and not using statins, and (3) participants 50 years and older (for carotid plaque only). Furthermore, CCA-IMT association with risk factors was also evaluated after adjusting for carotid plaque category.
All tests were two-sided and statistical significance was set at 0.05. All statistical analyses were carried out with SAS software V.9.3.
RESULTS
A total of 6524 participants were included in the study. The clinical characteristics of participants are shown in table 1. The sample consisted of 49% men; the average age was 49.7 (SD 11.2) years, 3.4% had known CHD, 9% were taking statins and 24% antihypertensive medications. Of the participants examined, minimal plaques were detected in 2280 (35%), moderate plaques in 579 (8.9%) and severe plaques in 72 (1.1%). The average CCA-IMT was 0.73 (SD 0.14) mm.
Plaque burden and CCA-IMT by age groups Carotid plaque prevalence and severity rose steeply from age 40 ( figure 1A ). The prevalence of minimal plaque increased from 4.5% in the age group 25-29 to 51.2% in the age group 65-69, and the prevalence of moderate plaque rose from 0.8% in the age group 30-34 to 25.0% in the age group 65-69 years. The prevalence of moderate plaque increased markedly (more than twofold) between age groups 50-54 and 55-59 years, where the prevalence was 6.6% and 13.5%, respectively. Severe plaques were rare in participants 54 years and younger, 0.2% in the age group 45-54. In the age group 55-59, the prevalence of severe plaque was 1.5% and rose to 5.0% in the age group 65-69 years. The pattern of carotid plaque severity with increasing age was similar for men and women (see online supplementary table S1 and figure S1), although with an age shift of 5-10 years later in women.
Mean CCA-IMT increased from 0.55 (SD 0.06) mm in the age group 25-29 to 0.88 (SD 0.13) in the age group 65-69, but the variation in CCA-IMT was greater among older participants (figure 1B). Men had greater CCA-IMT than women in all age groups (see online supplementary table S1 and figure S2).
Carotid plaque and associated risk factors
Carotid plaque severity was strongly related to age and sex, but the average age for no, minimal and significant (moderate+severe) plaque was 44.9 (SD 10.6), 54.5 (SD 8.9) and 59.7 (SD 7.0) years, respectively, and the percentage of men was 45%, 53% and 58%, respectively. The association between cardiovascular risk factors and carotid plaques are shown in table 2. In age-adjusted and sex-adjusted analysis, TC, log TG, log CRP, SBP, former smoker, current smoker, T2DM, family history of MI, physical activity (inverse), lower educational status, statin use and antihypertensive medication use were associated with both minimal and significant carotid plaque, but CHD was only associated with significant carotid plaque. In a multivariable analysis, the association of minimal plaque with log CRP and educational status, and the association of significant plaque with log TG disappeared. Physical activity was not associated with either minimal or significant plaque in multivariable analysis. However, BMI became inversely associated with both minimal and significant plaque in multivariable analysis. Excluding participants with known CHD and statin users did not alter the results with respect to direction or the magnitude of the association (data not shown), except that the association between T2DM and plaque became stronger, in particular for significant plaque (in multivariable analysis OR 3.33; 95% CI 1.97 to 5.63 and OR 1.61; 95% CI 1.06 to 2.43 for significant and minimal plaque, respectively). Furthermore, the log TG association with minimal plaque became weaker and borderline statistically significant in multivariable analysis (OR 1.17; 95% CI 1.00 to 1.36), p=0.053).
In sex-specific analysis, the patterns of association were similar in men and women, except that lower educational status and log CRP had a stronger association with plaque in men than in women (see online supplementary table S2). Elementary school education was independently associated with both significant (OR 2.69; 95% CI 1.72 to 4.21) and minimal (OR 1.41; 95% CI 1.06 to 1.88) plaque in men, but only with significant plaque in women (OR 1.70; 95% CI 1.10 to 2.63). High school education was associated with significant plaque in men (OR 1.76; 95% CI 1.23 to 2.51) but not in women (OR 1.34; 95% CI 0.86 to 2.10). Furthermore, log CRP was independently associated with significant (OR 1.18; 95% CI 1.01 to 1.38) and minimal (OR 1.16; 95% CI 1.05 to 1.29) plaque in men, but not in women (OR 1.12; 95% CI 0.95 to 1.33 and OR 0.93; 95% CI 0.84 to 1.03 for significant and minimal plaque, respectively).
Since the prevalence of significant plaque was low in the younger age groups, we performed an additional analysis only including participants aged 50 years and older. The associations were of similar magnitude to those observed for the total sample with few exceptions. In older participants, the association between significant plaque and current smoker was stronger (in multivariable analysis OR 4.87; 95% CI 3.45 to 6.88), whereas significant plaque association with log CRP was minimally reduced and not statistically significant (in multivariable analysis OR 1.11; 95% CI 0.98 to 1.26). Furthermore, minimal plaque association with T2DM (OR 1.25; 95% CI 0.84 to 1.85) and family history of MI (OR 1.13; 95% CI 0.96 to 1.34) were weaker and not statistically significant in multivariable analysis (data not shown).
CCA-IMT and associated risk factors
Across quintiles of CCA-IMT, the average age rose from 36.9 (SD 8.1) to 60.0 (SD 6.2) years and the percentage of men rose from 39% to 62% for quintiles 1-5. Table 3 shows results from linear regression analysis. When adjusted for age and sex, TC, log TG, log CRP, BMI, SBP, former smoking, current smoking, T2DM, elementary school education, high school education, statin use, antihypertensive medication use and CHD were associated with greater CCA-IMT. In multivariable-adjusted analysis, log TG, log CRP, T2DM and high school education were not independently associated with CCA-IMT. Furthermore, antihypertensive medication use that was positively associated with CCA-IMT in age-adjusted and sex-adjusted analysis was inversely associated with CCA-IMT in multivariable-adjusted analysis. Excluding participants with CHD and statin users did not alter these results, except in multivariable-adjusted analysis when the T2DM association became stronger and statistically significant (estimate 0.012 (SE 0.006), p<0.05, data not shown).
In addition, we also evaluated risk factor association with CCA-IMT when adjusted for carotid plaque severity (table 3) . CCA-IMT association with TC, statin use and education disappeared and the association with CHD was borderline statistically significant ( p=0.057) when adjusted for plaque category.
In sex-specific analysis (see online supplementary tables S3 and S4), TC ( p<0.001) and statin use ( p<0.05) were independently associated with CCA-IMT in women, but not in men. Low educational status (elementary education and high school education) was associated with CCA-IMT in men ( p<0.05) but not in women. Furthermore, antihypertensive medication use was inversely associated with CCA-IMT in men ( p<0.01), but this association was not detected in women.
T2DM and carotid ultrasound markers
Given the stronger association between T2DM and plaque than between T2DM and CCA-IMT, we explored further the association between T2DM and the carotid ultrasound markers. Figure 2 shows the prevalence and severity of carotid plaque and CCA-IMT stratified by T2DM status across age groups. In all age groups except in the oldest (65-69 years), the prevalence of carotid plaque was greater in those with T2DM. The difference in plaque prevalence was twofold in participants younger than 50 years and the difference ranged between 17% and 30% in age groups 50-54 to 60-64 years. In addition to greater prevalence, the plaques were also more severe in participants with T2DM. In the age group 50-54 years, significant plaque was 24% more prevalent in those with T2DM compared with those free of T2DM, but in older age groups the difference in prevalence was ≥60%. In participants younger than 50 years, the prevalence of significant plaque was 11.3% in those with T2DM, but 1.9% in those free of T2DM. In all age groups, CCA-IMT was greater in those with T2DM. The difference in CCA-IMT was greatest in the youngest age groups, 0.08 mm in those <40 years, but in the older age groups the difference varied between 0.02 and 0.05 mm.
DISCUSSION
The results show a high prevalence of carotid plaques in this sample of the general population, where 35% had minimal, 9% moderate and 1% severe plaque. Both carotid ultrasound markers were associated with age, sex, TC, SBP, smoking status and BMI (although the direction of the association differed between them). Carotid plaques also showed a strong and graded association with T2DM and family history of MI, but CCA-IMT was not independently associated with those risk factors. In addition to conventional risk factors, low education level was strongly associated with carotid plaque but the association with CCA-IMT was weaker.
Several population-based studies have evaluated carotid plaque prevalence and cIMT with B-mode ultrasound. 8 19-25 These studies vary considerably in plaque definition and cIMT measurements that makes direct comparison complicated, but the prevalence of carotid plaque, including minimal plaque, in this study is somewhat higher than that reported in previous ultrasound studies. Our definition of minimal plaque is the same as that used in clinical trials, 26 representing significant atherosclerotic plaque in the carotids and also including some areas that are more intermediate atherosclerosis stages. This has been pointed out in the Mannheim Carotid Intima-Media Thickness and Plaque Consensus, where intermediate stages between increasing cIMT and significant atherosclerotic plaque formation cannot be reliably differentiated by either B-mode ultrasound or histological examination. 27 This in turn may overestimate the atherosclerotic burden in our study using the definition of minimal plaque.
Both the Tromsø study 19 and the San Daniele Project 23 examined plaque prevalence across a wide age range in both sexes. In the Tromsø study, carotid plaques were only evaluated in the right carotid artery that may lead to an underestimation of plaque prevalence, which in men increased from 3.0% in the age group 25-34 years to 52.2% in the age group 55-64 years, and the corresponding prevalences for women were 1.7% and 40.3%. In the San Daniele Project, 23 no plaques were found in participants <40 years but lesions defined as IMT>1.0 mm were detected in 1% of participants aged 30-39 years, and in the age group 60-69 years the prevalence of atherosclerotic lesions was 59% for men and 48% for women, but in this study the corresponding values were 80% and 71%. The plaque prevalence in this study is to some extent similar to that of the Finnish 22 population, where the prevalence of carotid lesions was 14%, 32%, 68% and 82% in men aged 42, 48, 54 and 60 years, respectively, but in this study, the corresponding prevalence was 33%, 40%, 57% and 80%. In the Multi-Ethnic Study of Atherosclerosis (MESA), plaque prevalence was 46.7% in participants where the mean age was 60 years. 25 Model 1, age-adjusted and sex-adjusted analysis. Model 2, multivariable-adjusted analysis including age, sex, TC, log TG, log CRP, BMI, SBP, smoking status, T2DM, family MI, physical activity, education level, statin use, antihypertensive medication use, CHD. BMI, body mass index; CHD, coronary heart disease; CRP, C reactive protein; MI, myocardial infarction; NS, not significant; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglycerides.
Smoking is one of the most important risk factors for atherosclerosis, which in this study is reflected in a 3.9-fold and 1.8-fold greater odds of significant plaque in current and former smokers, respectively. Smoking prevalence varies between populations that might explain the difference in plaque prevalence, such as in the MESA study, 25 where smoking prevalence in the USA is less (11% current and 36% former smokers) than in Iceland (21% current and 38% former smokers). When compared to the Tromsø study, the opposite was found where smoking prevalence is higher (31% current smoker) but plaque prevalence is lower than in the current study. However, only considering significant plaques in the current study the prevalence was lower compared with the Tromsø study. The difference in plaque prevalence might be explained by methodological differences, but they only measured plaque unilaterally as mentioned previously. 19 The pattern of carotid plaque development is similar to other studies, where plaque prevalence and severity are considerably elevated in participants aged 50 years and older. 19 20 22 23 The prevalence of minimal plaque plateaued in the age group 60-64 years, which coincides with substantial increase in moderate and severe carotid plaque. In sex-specific analysis, this transition in plaque prevalence appears to happen 5-10 years earlier in men than women. CCA-IMT increased with age and the variation in CCA-IMT was greater in older participants, which is in agreement with other studies 21 28 29 and may be related to greater plaque burden. 8 Our results also show graded association between CCA-IMT and plaque severity, where CCA-IMT was greatest in those with significant plaque.
The current results suggest that carotid plaque and CCA-IMT have a common pattern of risk factors but with a very important exception. Both ultrasound markers were positively associated with age, sex, TC, SBP and smoking status, whereas T2DM and family history of MI were only associated with the presence of plaque. Furthermore, association with BMI was in the opposite direction. BMI was strongly and positively associated with CCA-IMT, whereas it was inversely associated with carotid plaque when adjusted for other risk factors.
In this study, T2DM was associated with carotid plaque, but it was not independently associated with CCA-IMT after adjustment for conventional risk factors. An additional analysis showed that in all age groups plaque burden was greater in participants with T2DM compared with those free of T2DM. These results are consistent with those from previous carotid ultrasound studies. [30] [31] [32] [33] CCA-IMT is increased in individuals with DM but results from different studies are conflicting. 31 33 34 DM is a major risk factor for CVD, but individuals with DM are two times more likely to have CHD than those without DM. 35 36 In contrast to other cardiovascular risk factors, which have declined over the past three decades, 2 the prevalence of T2DM has increased rapidly, 37 38 which may offset the beneficial effects of changes in other major cardiovascular risk factors and stall the decline in CHD death rate. 39 Family history of MI was associated with carotid plaque but not with CCA-IMT, which is in agreement with previous studies. 40 41 Family history of CVD is an important risk factor for CVD [42] [43] [44] and has been included in some risk scores. The predictive information of family history has been shown to be independent of established risk factors. 45 46 In the Reykjavik study, ∼15% of MI and coronary revascularisations were explained by family history that could not be related to conventional risk factors. 46 In addition to conventional risk factors, we also evaluated the association between education and the two carotid ultrasound markers. Low educational status was associated with both markers; however, the association was stronger for plaque than CCA-IMT, and it was stronger in men than women. Education is a widely used indicator of socioeconomic status, but several population-based studies have examined the association between carotid ultrasound markers and measures of socioeconomic status. [47] [48] [49] [50] [51] The current results are similar to those reported by Deans et al 48 where low socioeconomic status was associated with CCA-IMT and carotid plaque in men, but in women low socioeconomic status was only associated with carotid plaque. On the other hand, in the Malmö Diet and Cancer study, low education level was associated with carotid plaque in women but not in men, and no independent association was detected for CCA-IMT. 49 The strength of this study is the community-based design, including a large sample of men and women with a broad age range. The overall response rate was high, but 73% of the invited participants attended. Our study has limitations. This is a cross-sectional study showing only an association between cardiovascular risk factors and carotid ultrasound markers, preventing conclusions about causality. Difference in education level is also a concern of this study, but our comparison with information from Statistics Iceland demonstrated that education level among participants is somewhat higher than reported for the general population in Iceland (in the year 2011). 52 In the general population aged 25-64 years and living in the Reykjavik area, the prevalence of basic education (classified according to the International Standard Classification of Education-ISCED 1,2) was 25%, but in analysis for participants aged 25-64 years in this study, the prevalence of elementary education was 19%. In the general population, the prevalence of upper secondary education (ISCED 3, 4) was 36% and that of tertiary education (ISCED 5, 6) was 39%, but corresponding percentages for study participants were 43% and 38%. Such participation bias in this study may affect the evaluation on carotid plaque prevalence, in particular significant plaque, which may be underestimated where those with a lower educational level had substantially greater odds of significant carotid plaque.
These data provide a description of the distribution of carotid plaque and CCA-IMT in a general population across a wide age range. Our findings suggest that the prevalence of carotid plaque is high in this population sample and that the formation of moderate and severe carotid plaque increases substantially in participants aged 50 years or older. Current results show that carotid plaque and CCA-IMT share some of the risk factors associated with CVD. However, T2DM and family history of MI appear to be more strongly associated with carotid plaque than CCA-IMT, which may reflect the fact that CCA-IMT is not as clear evidence for atherosclerotic infiltration in the arterial wall as significant plaque is. With the rapidly rising prevalence of T2DM, we may expect an increase in extended atherosclerosis with the potential consequences of MI and stroke. Finally, this study also shows that low educational status is associated with carotid plaque and CCA-IMT independent of conventional risk factors, suggesting that atherosclerosis may have social class stratification in Iceland. Figure 2 Carotid plaque prevalence and severity (A), and mean CCA-IMT (B) in participants with no T2DM and those with T2DM by age group. CCA-IMT, common carotid artery intima-media thickness; Min, minimal plaque; Sign, significant plaque (diagonal pattern fill); T2DM, type 2 diabetes mellitus.
